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mechanism involves the elongation of telomeric DNA repeats by homologous 23 recombination. In interphase nuclei of ALT cancer cells, giant telomeres can be 24 specifically observed by fluorescence in situ hybridization (FISH) to detect telomeric 25 repeats, and they are co-localized with promyelocytic-leukemia nuclear-bodies (PML-
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36

Furthermore, ALT cancer cells demonstrated fewer telomeric signals in interphase nuclei
Introduction
45
A telomere is a DNA-protein complex situated at each chromosomal end composed of 46 telomeric DNA with up to 10 kb of TTAGGG repeats and DNA-binding proteins [1] [2] [3] .
47
Most cancer cells express telomerase to lengthen telomeric DNA, and these are referred 48 to as telomerase-positive cancer cells (Tel (+) cancer cells) [4] [5] [6] . Nevertheless, 10%-
49
15% of human cancers exhibit little telomerase activity; in these cells, telomeric DNA is 50 elongated by an alternative mechanism [6] [7] [8] [9] , termed alternative lengthening of telomeres 51 (ALT), involving homologous recombination between telomeric DNAs [5] [6] [7] [8] [9] [10] [11] . Cancer 52 cells that lengthen telomeres by the ALT mechanism are referred to as ALT cancer cells.
53
Telomerase inhibitors are not expected to be effective anticancer therapies in ALT cancer.
54
Telomeres of ALT cancer cells vary from 3 to 20 kb but are generally longer than those are observed by FISH in interphase nuclei of ALT cancer cells [4, [12] [13] [14] [15] . However, it is 59 not clear how large telomeres are specific to ALT cancer cells and how they form in their 60 interphase nuclei. In the present study, we refer to ALT-specific giant telomeres as "giant-61 telomeric nuclear-bodies (GT-NBs)" and attempted to define GT-NBs in a quantitative 62 manner and to clarify their morphogenesis.
63
Promyelocytic leukemia nuclear bodies (PML-NBs) are intranuclear structures 64 containing the PML protein; they were first discovered in patients with acute 65 promyelocytic leukemia [13, [16] [17] [18] [19] . Typically measuring around 0.2-1.0 nm, PML-NBs hold true for Tel (+) cancer cells [13, 21] . Telomeres co-localized with PML-NBs are 75 referred to as ALT-associated PML-NBs (APBs) because they are involved in the ALT 76 mechanism [10, [12] [13] [21] [22] . So, are APBs are the same nuclear structure as ALT-77 specific GT-NBs? In order to clarify their relationship, we investigated the ultra-structural 78 relation between GT-NBs and PML-NBs using a super-resolution microscopy whose 79 resolution is 20 times higher than a fluorescence microscopy [23] [24] . to which 2.5% FCS, 100 IU/mL penicillin, 100 µg/mL streptomycin, selenious acid, and 95 retinoic acid were added [4] . Cultured cells were incubated in a carbon dioxide incubator 96 at 37°C with 5% CO 2 .
98
Preparation of chromosome specimens
99
To analyze telomeric signals during metaphase, chromosomes were prepared. After and then subjected to blocking with 3% albumin (Sigma-Aldrich) at room temperature 133 for 1 h. For primary antibodies (PML-NB; MBL, Nagoya, Japan, 5000-fold dilution) [25] were statistically significant by Welch's t-test (P < 0.05) for the three ALT cancer cells. compare chromosomes and interphase nuclei (Fig 3) . In both chromosomal and interphase 
Co-localization of GT-NBs and PML-NBs
225
To analyze the ultra-structures of GT-NBs co-localized with PML-NBs, we double- 
Discussion
250
The purpose of this study was to strictly define GT-NBs that are specifically observed 
